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CHROMATIN-MELANIN RELATIONSHIPS IN
MALIGNANT MELANOMATA *
E. MEIROWSKY, M.D. AND L. W. FREEMAN, M.D., PH.D.
The melanin of epithelial cells either must be introduced from an outside source,
or it must be produced by these cells themselves. Around the first possibility
has been elaborated the theory of Masson (1) which states that under the proper
stimulus, melanoblasts expand their processes and manufacture large amounts
of melanin. According to this doctrine, the epithelial cell accumulates melanin
in a passive manner from the melanoblasts. The alternative to this provocative
theory would establish the epithelial cells as producers of their own melanin.
Such a concept is by no means a new one; indeed, one of us presented the basic
considerations in 1908 (2).
In recent years, elaborate histochemical methods have provided investigators
with the means of studying in greater detail than was formerly possible the func-
tional activity of cells. It is the purpose of this communication to present cyto-
logical data which throw new light on the problem, and to evaluate these ob-
servations in their relationship to cellular chemistry.
METHODS
Malignant melanomata, and in one instance, a benign pigmented nevus, were
fixed in formalin, embedded in paraffin after routine preparation and sectioned
at 6 microns. They were stained with Haematoxylin-Eosin and other commonly
used stains. Upon location of suitable areas, photomicrographs were made at a
magnification of 540 times. These reproductions were then subjected to careful
study. They were presented at the Second Conference on the Biology of Normal
and Atypical Pigment Cell Growth.
RESULTS
The ordinary appearance of the cells in malignant melanomata is one of such a
complete melanization of the individual cells that details of structural character-
istics are difficult or impossible to delineate. In almost every melanoma areas can
be found in which the process of melanization is not complete but is in the proc-
ess of development; the cells in such areas have been the subject of our particular
study. It is very common to observe in such cells that melanin is present in the
cytoplasm alone. On the other hand, the reverse is also common, namely, that no
cytoplasmic melanin is present while this pigment is abundant in the nucleus.
In other instances both the cytoplasm and the nucleus may contain melanin.
Usually the nucleolus is the first structure to become melanized, but in those
cells showing vacuoles, these elements may melanize first. The 1mm framework
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of the nucleus may follow the nucleolus in becoming melanized, but we have ob-
served this remarkable finding in the cells of only one preparation. The nucleolus
and the cell membrane may show concomitant melanization. Nucleoli which are
melanized arc found in various stages of extrusion with melanized chromidia.
Complete nuclear melanization is not an unusual observation. This process
may be found in Masson's "Clear Type" cells, or in regular melanoma cells.
The melanization process can involve the nucleus alone or can include chromidia.
When the nucleus is not deeply melanized, the melanized nucleolus can be seen.
Cells can be found the nuclei of which retain a basophilic membrane, contain no
cytoplasmic melanin, but are completely melanized. Frequently observed, but
difficult to photograph, are colorless chromidia; they may be present in cells
containing melanized chromidia. It is common for these melanized nuclei to be
extruded. The nuclear membrane may be melanized while at the same time ad-
jacent melanized chromidia may retain their basophilic membranes. The nuclear
membrane may be smooth or wavy. The extruded melanized nucleus may show
budding. Likewise, the chromidia and the retained nucleus may bud. Nuclei in
the process of budding maintain their chromatin structure which though not
evident in colored reproductions can be brought out by black and white photog-
raphy. Quite frequently, the nuclei may either break up or bud in such a way as
to give rise to numerous chromidia. In cells showing mitoses, melanized chromidia
are abundant, although difficult to record photographically.
DISCUSSION
It is pertinent to the discussion and interpretation of these cytological observa-
tions to emphasize that all nuclear material tends to be liberated from the cell
in melanomata due to the disintegration of the cytoplasm. The nuclei are often
located peripherally. Nuclei, nucleoli, and vacuoles all are extruded or in the stage
of extrusion and all but the vacuoles remain surrounded by a basophilic mem-
brane.
Many observations have supported the thesis that melanin originated from
nucleoli, the nucleus or from chromidia. Intranuclear vacuoles likewise would
seem to have been established as being of importance in melanin production (3).
Chromidia and their derivatives are structures of the nucleolus and nucleus
which have been extruded into the cytoplasm. Nuclei often melanize (3) and
their chromidial derivatives may break down or change into melanin (4).
The observations presented are seemingly at odds with present popular con-
cepts of melanin formation especially those of Masson (1) and Becker (5). Bloch's
experiments (6) add proof to the thesis that epithehial cells can manufacture
their own melanin. Indeed, the independence of the epithelial cells from the
melanoblasts was generally recognized prior to publication of Masson's work.
There appear to be valid reasons for rejecting the Masson-Becker concept of the
melanization process. The concept which we have outlined relegates the process of
melanin formation to the structures most intimately concerned—the epithelial cell
itself and its nucleus. It is supported by considerable experimental evidence (3).
The histochemical investigations of Casperssen and his group (7) have resulted
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in a new concept of the distribution of nucleoproteins within the cell. The prin-
cipal classes of nucleic acids are desoxyribose nucleic acid and ribose nucleic acid.
With a combination of microspectrophotography and the Feulgen reaction these
workers have determined the location and distribution of nucleic acids within
the cell.
Many other contributions have tended to clarify the problem. The long sus-
pected visible and invisible metabolic interchange between the nucleus and the
cytoplasm, previously demonstrated only by histological methods, has now been
confirmed by biochemical methods. Thus, the problem of the origin of melanin
has shifted from purely morphological methods to a combination of biochemistry
and morphology. Significant data accumulated to date would indicate that the
nucleus is the center for metabolism of nucleoproteins and an intensive produc-
tion of nucleoproteins is followed by an increase in the concentration of nucleic
acids in the cytoplasm. This relationship has been demonstrated in rapidly grow-
ing tissues, in basal cells of the epidermis, and in hair follicles. Cytoplasmic
nucleoproteins are derived also from the nucleolus. Nucleoproteins diffuse toward
the nuclear membrane, and an intensive accumulation of nucleic acids takes
place at its outer surface (8), outlining the morphological features of the nucleolus
(8). Thus, on extrusion of the nucleolar material and chromatin, the region near-
est to the nucleus and its membrane becomes the prominent location of nuclear
material within the cytoplasm.
Chemically, melanin of the S 91 melanoma contains about 20 per cent nucleic
acid (9). Bodies built up in a framework of nucleoproteins may exhibit the prop-
erty and power of reproduction (10). Nuclei and their split products, the chro-
midia, possess such a property. Nucleoli also have the capability of division (4)
and of budding (11). Since melanins are formed from naturally occurring pro-
teins (12), it is conceivable that nucleoproteins may be converted into melano-
proteins.
SUMMARY AND CONCLUSIONS
1. Observations are reported which indicate that melanin formation occurs
only in those cellular structures consisting of or derived from chromatin.
2. The melanization of the nucleus, the nucleolus, the 1mm framework of the
nucleus and the chromidia emphasize the intimate relationship between melanin
and chromatin.
3. Developments in nuclear chemistry correlated with histochemical observa-
tions suggest that the precursor of melanoprotein may be nucleoprotein.
The authors wish to express their appreciation to Mrs. A. Wiseman for her
excellent technical assistance.
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